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HEAT.TRANSFER TESTS OF A STEEL CYLINDER BARREL
WITH ALUMINUM FINS

By Herman H. Ellerbrock, Jr.

INTRODUOTION

Teats conducted by this laboratory on finned cylindera have
shown that, for a glven welght of material, the finning on the heads
of modern cylinders cen be greatly improved by using preformed fins,
but that for the barrel no great improvement can be made (reference
1). By a modern cylinder is meant one with an aluminum head with
aluminum fins cast integrally and a steel barrel with steel fins,

An improvement can be made in the barrel fins by adding fin welight,
which means, in general, fin wldth (references 1 and 2). Trouble

1s encountered in radial engine installations when adding width to
the barrel fins because of the small distance bstween adjacent
cylinder barrels and also wide, thin fins are not strong. A possible
solution of the barrel-cooling problem is to use preformed aluminmum
or copper fins on a steel barrel, Usse of aluminum or covver fins
instead of steel fins should greatly improve the heat tranafer of the
'ba.rre:;. if a reasonebly satisfactory bond is obtained (references 1
and 2).

At the request of the Bureau of Aeronautics, Nevy Department
a steel cylinder barrel with aluminum fins hss been tested and the
results presented herein. The object of the tests was to determine
the heat-transfer coefficlents of the cylinder and the excellence
of the bond between the steel barrel and the aluminum fins. Com~
parlison 1s made of the results with those of steel cylinders with
gteel fins and aluminum cylinders with aluminum fins.

APPARATUS
Teat Cylindex

The cylinder, see figure 1, was made of preformed aluminum fine
imbedded in an aluminum base, which in turn was bonded to a 3i-inch
gteel barrel. 'The method of construction vrovided aluminum spacers
between the fins as shown in figure 2, The space betwsen fins was
0.045 inch, the thickness of the fins 0.031l inch, and the width 1.28



inches. The cylinder was electrically heated with a wlre coll wound
on a soavatone core, which was inserted in the cylinder. Loss of

heat from the ends of the cylinder was eliminated by using oylindrical
guard rings made of sheet metal on each end of the cylinder, as shown
in figure 3. Xach guard ring was filled with rock wool. Surface
temperatures were obtalnsd at 29 polnts, as shown in figure 2, by
means of iron constantan thermocouples made from No, 40 gage wire.
Nine of the thermocouples measured the temperature of the steel barrel
every 224° from front to rear of the cylinder, and five measured the
temperature of the aluminum spacers every U50. Thermocouples were
placed on & number of fine so as not to block the air flow in any one
fin spece. The thermocouples were shellacked to the fins and brought
out through a copper tube to a cold junctlon board, as shown in figure
1, An ammeter and volimeter were used to measure the electrical imput
to the cylinder and a potentiometer measured the cylinder temperature.

Jacket

The cylinder was enclosed in a wood Jacket, as shown in flgure 3,
and air was drawn over the setup with & Roots blower. The Jacket
shape and apparatus used for such a test are fully described in refer-
ences 3 and 4. The diameter of the guard rings was the same as the
outeslde dlameter of the fin tips, and thus the guard rings fitted
tight againet the jacket. The weight of alr passing through the
Jacket was measured with thin-plate orifices placed in the ends of a
large tank. Temperatures of the air at the orifices and of the cold
Junction were obtained with alcohol thermometers.

METEOQODS
Tests

The tests were conducted by varylng the speed of the blower,
thus varying the velocity of the alr over the fins. The welght
veloclty of the cooling alr over the fins varied from approximately
1 to 9.5 pounds per second per sguare foot of froe area between the
fings. All tests wore conducted with an aporoximately constant heat
input to the cylinder of 83 Btu per squarc inch of wall area per
hour. Tho recorded data wecre the electrical power input to the teet
cylindor, the temperature of the air entering the orifice tank, the
pressure droo across the orifice tank, the cold Junction temperature,
and the temperatures at the verlous polnts on the cooling surface.



Computations

The welght veloclity of the cooling alr Ypig over the fine
was “calculated by -dividing the weight -of air .passing through the
Jacket by the free-flow area between the fins.

The method of calculating the weolght of alr passing through the
Jacket 18 glven in reference 5.

The experimental average surface heat-transfer coefficlent q
was obtained by dividing the heat input per hour by the product of
the area of the total cooling surface and the difference between the
averege temperature of the cooling surface and tho entering-air tem-
porature. The average temperature of the cooling surface was based
on the temperatures of the fins and the aluminum spacers.

The experimental average over-all heat-~transfer coefficlent U
was obtained by divlding the heat input per hour by the product of
the area of the wall surface of the cylinder and the difference be-
tween the average temperature of the wall surface and the entering-
alr temperature.

Calculated average over—all heat—~transfer coefficlent U was
obtained from the equation

q 2 W
U=s+t[a (1+2—R;>ta.nhaw'+s] (1)

as derived in reference 6, where

8 = 2q.

knt

a surface heat—-transfer coefficient, Btu per
square inch per °F per hour

8 averagd space bestween fine, inches
t average fin thickness, 1inches
w fin width, inches

w!  w 4 t/2, effective fin width, inches




Ry radius from center of cylinder to fin root, inches

kp, thermal conductivity of metal, Btu per square inch
per OF through 1 inch per hour (2.17 for steel;
9.92 for pure alumlinum

This equation has been experimentally verified for fins of steel,
copoer, and aluminum alloy. (See references 1, 2, 3 6, and 7.)

BRESULTS AND DISCUBSION

Heat-Transfer Tests

The surface heat-transfer coefficlent q of finned cylinders
can be correlated for an air-flow arrangement as used in the present
tests in terms of functions defining a single curve and involving the
fin dimensions, the cylinder dlameter, and the alr—-stream character-
ictics (reference 7). Thus it has been found for cylinders enclosod
in a jacket and cooled by a blower,

%E. = £ _V_P_fguf‘_i_r> (2)

12uD
where
kg thermal conductivity of the cooling alr
L absolute viscosity of the cooling air
D dlameter of cylinder et fin root (2Ry)

Figure 9(d) of reference 7 shows a curve, established from tests
on a large mumber of cyllnders wlth an alr-flow arrangement as in the
present tests, plotted in termes of functlones of the foregolng edqua~
tion. Surface heat~iransfer coefficlents for a cylinder with fin and
cylinder dimensions the same as for the teat cylinder were calculated
from this curve for several welght velocities between the fins. The
rosults are shown in the curve marked "calculated coefficients" in
figure 4. The experimental surface hoat-transfer coefficients for the
test cylinder are also shown plotted in figure Y. Good agreement
exists between the experimental and calculated coefficients which
would be expected.



¥rom the calculated surface heat-transfer coefficients of
figure U, over-all heat-transfer coefficients were celculated acw
cording to equation (1) for a steel cylinder with ateel fins a.nd.
for an aluminum cylinder with alumifum fins cast integrelly.- -
dimenaeione of the fina on both of the foregolng cylinderas were the
game as for theo test cylinder, and the alumiyum cylinder wes assumed
to have & conductivity of 9,92 Btu per aquare inch per OF per hour
through 1 irnch. The results are plotted in figure H., Plotted on
figure 5 are also the experimental over-all coefficlents of the test
cylinder based on both the temperature difference between the aluminum
spacers and the cooling air and the temperature difference between the
steel barrel and the cooling eir.

The experimental coefficlente bamsed on the former temperature
difference agree very well with the calculatod coefficlents for the
aluminum cylinder with alumimim fins cast integrally showing that
the material of the flns in the test cylindor muet be pure aluminum,
and that the fin bond is exceptionally good. The experimental co-
officients basod on the temporature difference between the steel
barrel and the cooling cir fall sbout 18 percent on an average below
the experimentel coefficients based on the difforence between the
temperatures of the spacers and the cooling air,. showlng that there
1s a drop in temperature in the bond between the steel and the
aluminmum. The experimental coefflcients based on the steol barrel
temperatures, however, are about 30 percent bettor on an average
than the calculated coefficients for a steel cylinder with steel
fins, showing that an appreciable galn may be obtained by using
aluminum fins lnatead of estesl finm, although the bond is not perfect.

Pigurc 6 shows the temperature differonces between the aluminum
svaecers and the cooling alr and the temperature differcnces between
the steel barrel and the cooling alr plotted against welght velocity
for various positions around the cylinder. The difference between
the two curves at any one positlor is the temmeorature drop through
the bond. The drop 1s approciable in some positions and in one
position (1350 from front of cylinder) the temperatures of the stesl
barrel and the eluminmum spacer wore ldenticel. This curve shows
that further improvement of the bond is needed, dut that it 1s
posslblo to obtaln a bond where nogligible temperature drop occurs.



Physical Teste

At the conclusion of the heat—transfer tests the cylindor
was cut in half and one half was cut in quarters ln order to deter-
mine how good the bond between the steel and alumimim was mechani-
cally, One edgo of one of the quarters was polished and etched,
and tho result 1s shown in figure 7. The outline of the fins in
the alumirum base and & line betwesn the aluminmum and steel can be
clearly secn. The othor quarter of the tost cylinder was heated
10 times to 4500 F and quenched in water at room tempcrature. After
these testsy the outline of the fins in tho aluminum base was more
prominent. The steel was then pried loose from the aluminum in the
quarter that hed been heat—-treated, and considerable force was re—
quired to separate the two parts. About one-~-third of the contacting
surface apneared to have a much better bond then the other two-
thirds. The bond from a mechanical standpoint, however, is con—
pldered to be very good.

Langley Memorial Aeronautical Laboratory,
| National Advisory Committee for Acronautics,
Lengley Field, Va., August 7, 1939.
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Figure 1. - Test cylinder with cold junction board attached and heating core m:erted.
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